CD-1 mice were exposed to a single intratracheal instillation of either 0.025 or 0.075 mg Se/kg wt of dimethyl selenide (DMSe). They were studied over 4 weeks to define the cellular inflammatory response of the airways to DMSe. Bronchoalveolar (BAL) lavage was used to collect the DMSe-induced inflammatory exudates. The DMSe instillation resulted in phlogistic responses that had the neutrophil as the main leukocyte; they were present in BAL samples, mostly at days 1 and 7. Macrophages were also increased during DMSe-induced inflammation. The lower DMSe dose resulted in an inflammatory reaction lasting for 2 weeks. Mice treated with the higher DMSe dose still showed elevated numbers of neutrophils and macrophages 4 weeks after instillation. DMSe did not change the number of lymphocytes harvested from the airways. An early increase in total protein of BAL, and late enhancement in lactate dehydrogenase was observed in mice treated with the high DMSe dose. We conclude that inhalation of DMSe triggers a moderate and dose-dependent inflammatory reaction in the mouse airways, and that this phlogistic reaction is likely to participate in the damage of respiratory epithelia that occurs upon DMSe inhalation.
INTRODUCTION
Selenium (Se) is, at low concentration, a key element in a number of essential pathways of human metabolism (Oldfield, 1987; Bedwal et al., 1993; Barceloux, 1999) . Because of its antioxidative activity, it may also play a preventive role against cancer (Gerhardsoon, 1985; Wilkinson and Chodak, 2003) . Above physiologic levels, Se becomes harmful to humans (Vinceti et al., 2001) . Most studies on the toxicology of Se have delt with the pathology caused by excessive oral intake of Se (Nantel et al., 1985; Pentel et al., 1985; Köppel et al., 1986; Matoba et al., 1986; Gasmi et al., 1997) . Few investigations have been devoted to the effects of inhaled Se. Bell and coworkers (1997a Bell and coworkers ( , 1997b Bell and coworkers ( , 1998 have documented alterations caused by Se on the guinea pig lung after a single intratracheal injection performed 24 hours earlier; they showed that Se modified Bronchoalveolar lavage (BAL) samples by increasing the activity of lactate dehydrogenase (LDH), beta-glucuronidase, alkaline-phosphatase, and also the protein content. Enhanced prostaglandin concentration and decreased thromboxane and leukotriene in the lung were also reported by the same authors after Se instillation. These biochemical changes were associated with constriction of the large airways and impairment of lung function. In addition, Nonavinakere and coworkers (1999) described that intratracheal instillation of Se in guinea pigs resulted in pulmonary dysfunction that involved lung resistance and alteration of the respiratory rate.
We have recently documented structural changes of respiratory epithelia of mice after intratracheal instillation of dimethyl selenide (DMSe) 1 (Cherdwongcharoensuk et al., in press ). Because we had observed infiltrates of inflammatory cells in association with DMSe-induced lesions of trachea and lung, we investigated the cellular composition of the local inflammatory reaction caused after instillation of DMSe in the respiratory airways of mice. We report here on the cytology and biochemistry of BAL samples during the 4 weeks that followed treatment of mice with a single intratracheal instillation with either 1 of 2 different doses of DMSe.
MATERIALS AND METHODS

Dimethyl Selenide (DMSe)
Dimethyl selenide (C 2 H 6 Se) in liquid form, at analytical grade, was purchased from Fluka Chemical Co (ref. no. 41572 ) with a purity grade greater than 99%.
Animals
Seventy-two 1-month-old CD-1 mice (Charles River strain) of both sexes (36 males and 36 females) were purchased from a commercial breeder (Charles River Laboratories SA, Spain). Equal numbers of males and females were employed in all experimental groups. The mice weighed 20 g, were kept under standard housing conditions, and 346 CHERDWONGCHAROENSUK ET AL.
TOXICOLOGIC PATHOLOGY had unrestricted access to commercial rodent chow (Rodent Chow, Panlab S.I., Barcelona, Spain) and water. They were treated in accordance with the European Union law on animal protection (directive 86/609/EC). Mice were exposed by intratracheal instillation of either 1 of 2 different amounts of Se: 0.025 or 0.075 mg/kg of body weight (BW) of DMSe in 10 µl of saline. Control mice received an intratracheal instillation of 10 µl of saline.
Intratracheal Instillation of Se
The CD-1 mice were anesthetized by intramuscular injection of 4.0-8.0 mg/kg BW of ketamine (Ketalar, Parke-Davis Co., Barcelona, Spain), and of 0.8-1.6 mg/kg BW of xylazine (Rompun, Bayer Co., Amadora, Portugal). The anesthesia was 15-20 minutes long. Anesthetized mice were placed on a surgical board, and their necks exposed by surgical dissection until reaching the tracheal wall. DMSe was delivered to the lungs through the tracheal wall with the use of a Hamilton microliter syringe. In control mice, an equal volume of 0.9% saline was injected in the tracheal airway. After the instillation, mice were held upright for 1 minute, the surgical wound was closed, and the animals returned to their cages. The mice were observed twice daily for signs of toxicity. Six mice for each Se dose were sacrificed at 1, 7, 14, and 28 days after the single instillation. Controls were also sacrificed 1, 7, 14, and 28 days after the intratracheal injection.
Bronchoalveolar Lavage (BAL)
Mice were anesthetized by intramuscular injection of 4.0-8.0 mg/kg BW of ketamine (Ketalar, Parke-Davis Co., FIGURE 1.-Kinetics of white blood cells present in BAL samples of mice after a single intratracheal instillation of DMSe. With the exception of values at 2 weeks, the number of leukocytes induced by the higher dose of DMSe were significantly higher ( p < 0.05) than those caused by the lower DMSe dose. Four weeks after the Se instillation, leukocytes induced by lower DMSe dose were in similar numbers to those induced in control experiments. * Significant difference ( p < 0.05) between experimental and control groups, a = significant difference ( p < 0.05) between higher and lower Se treatments.
Barcelona, Spain), and of 0.8-1.6 mg/kg BW of xylazine (Rompun, Bayer Co., Amadora, Portugal). Mice were euthanized by exsanguination after transection of the abdominal aorta after securing a blunt 21-gauge needle into the trachea. Lungs were lavaged 5 times with 0.25 ml PBS, and 1 ml of pooled lavage fluid was recovered. Total white blood cell counts were determined using SEAC cell counters 2013, and 100 µl of fluid for cytospin (5 minutes, 1,000 rpm) onto slides then stained with Giemsa for cellular differentials. More than 100 cells per sample were identified by light microscopy and counted under oil immersion. BAL fluid was also analyzed for total protein and LDH by Roche Cobas Integra system.
Statistical Analysis
Numerical data is expressed as average ± standard deviation. Statistical comparison between experimental groups was performed using a nonparametric approach, followed by 2 related sample comparison using the Wilcoxon test. Statistical significance was considered at p < 0.05.
RESULTS
The overall mortality rate of CD-1 mice to intratracheal instillation of dimethyl selenide (DMSe) was 14% for the lower dose (0.025 mg/kg wt) and 39% for the higher dose (0.075 mg/kg wt). Death of mice occurred only during the first 3 days following DMSe instillation (Table 1) .
We found that the intratracheal instillations of DMSe resulted in a statistically significant ( p < 0.05) increase in the number of white blood cells in the BAL from the respiratory airways of the mice (Figure 1) . The increase in BAL leukocytes after instillation of the lower dose of DMSe was Vol. 32, No. 3, 2004 RESPIRATORY INFLAMMATION FROM DIMETHYL SELENIDE 347 restricted to the first 2 weeks followeing treatment. The higher dose of DMSe resulted in higher numbers of BAL leukocytes whose elevation was present during the entire 4 weeks following treatment (Figure 1) .
The neutrophil was the more frequent leukocyte that was found in BAL samples of mice after intratracheal instillation of DMSe (Figure 2A) . The higher dose of DMSe caused the presence of a significantly greater number of neutrophils in the mouse airways than the lower DMSe dose. Futhermore, the neutrophilic inflammation caused by the higher dose lasted longer than the one induced by the lower dose of DMSe that was absent after the second week. A second peak of granulocytes was detected 4 weeks after the treatment of the animals with the higher dose of DMSe (Figure 2A) .
The acute inflammatory reaction present 1 day after instillation was different between the 2 doses of DMSe; neutrophils were in significantly greater numbers in BAL samples of mice treated with the higher dose (Figure 2A) whereas, the number of macrophages was greater after the treatment of mice with the lower dose ( Figure 2B ). Elevated numbers of macrophages were observed in BAL samples throughout the whole 4-week period of the experiments with both doses of DMSe ( Figure 2B) .
No significant change of the number of BAL lymphocytes resulted from DMSe throughout the 4 weeks course of this study (Figure 3 ). LDH and total protein measured in the BAL fluid were generally not changed by DMSe treatment, except for a significant elevation of LDH observed 4 weeks after The higher dose of DMSe caused higher mortality (39%) than the lower one (14%).
treatment of the mice with the high dose of DMSe (Figure 4 ). Mice treated with the high DMSe dose had an early increase in the protein content of BAL samples 1 day after the instillation ( Figure 5 ).
DISCUSSION
We characterized the inflammatory response of the respiratory airways of the mouse after intratracheal instillation of dimethyl selenide (DMSe). Most of the studies on the toxicology of selenium (Se) have used oral ingestion (Nantel et al., 1985; Pentel et al., 1985; Köppel et al., 1986; Matoba et al., 1986; Gasmi et al., 1997) . Only a few investigations have documented that Se inhalation is harmful for the airways and lungs (Bell et al., 1997a (Bell et al., , 1997b (Bell et al., , 1998 Nonavinakere et al., 1999; Cherdwongcharoensuk et al., 2003) . Human exposure to airborne Se may occur accidentally from several industrial activities. Se is employed in glass, ceramic, and porcelain plants as a decolorizing agent and pigment, and also in the production of electrodes for arc light, electrical instruments, photocells, solar batteries, and semiconductor fusion mixtures. Se is also used as a photographic emulsion, as a vulcanizing agent in the process of rubberization, and also in metal alloys (Glover, 1970; Holness et al., 1989) .
The present study revealed that DMSe caused a neutrophilic inflammation of the respiratory tract, and that this change was present for several weeks after a single instillation of DMSe. Interestingly, lymphocytes were not found to be attracted in significant numbers to the airways in response to the presence of DMSe, suggesting that the immunogenicity of Se is probably low for the respiratory system. TOXICOLOGIC PATHOLOGY
We found that the number of leukocytes and the duration of local inflammation depended on the dose of inhaled DMSe: the higher dose (3 times the lower dose) induced about double the number of white blood cells in the airway than the lower dose. In addition, the inflammation lasted longer. This indicates that the local phlogistic reaction triggered by DMSe inhalation is a dose-dependent phenomenon. We observed a second elevation in the number of neutrophils 4 weeks after the instillation of a higher dose of DMSe in mice. This event recalls similar secondary peaks of granulocytes that we have described in a previous study on the inflammatory response of the respiratory tract to the presence of exogenous particles of tungsten (Peão et al., 1993) .
In a recent study, we have characterized by light microscopy the DMSe-induced lesions observed in trachea and lungs of treated mice (Cherdwongcharoensuk et al., 2003) . The current investigation offers a rationale for the pathology that we and others have reported in respiratory tissues after DMSe instillation (Bell et al., 1997 (Bell et al., , 1998 Nonavinakere et al., 1999 , Cherdwongcharoensuk et al., 2003 . In fact, the present observations indicate that inflammatory neutrophils and macrophages are likely mediators of the alterations caused in respiratory tissues by the presence of Se in the airways. In conclusion, we have established the cellular kinetics of the inflammatory response of the respiratory tract associated with the presence of inhaled Se, and we propose that the neutrophilic response is a key cellular mediator of the previously described pathology of respiratory tissues during the first weeks following Se inhalation.
